Introduction
Sugar beet (Beta vulgaris L.)was introduced to Egypt in 1982 to overlap the vast gap between sugar consumption and production, which reached 30.50% (about 0.96 million ton) of local needs of white sugar in 2016. Sugar beet represents the first main sugar crop for sugar production before sugar cane in Egypt. About 35% of total world sugar production and 57.62% of the total Egyptian local sugar production (2.2 million ton) in 2016 was produced from sugar beet, 
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OOD fertilizer management is critical for high yielding, quality and profitability of sugar beet. This work was carried out at Mallawi Agric. Res., Station, El-Minia Governorate, Egypt, during 2012 /2014 seasons to study effect of three application dates of yeast, i.e., 80, 110 and 140 days of sowing and three levels of potassium fertilizer, i.e., 0, 24, 48 kg K 2 O/fad on vegetative, physiochemical, yield traits and profitability of sugar beet. A split plot design with four replications was used in both seasons and Monetbianco cultivar was sown.
The obtained results indicated that addition time of yeast or/and level of potassium fertilizer (kg K 2 O/fad) exhibited a significant effect on vegetative characters of beet roots. Physical properties of beet roots, such as SR (Sugar recovery) %, QZ (Quality index) % and SL (Sugar loss) %, chemical constituents (pol (polarization) %, K, Na and a-N determined as milliequivalent/100 g beet), except the 2 nd season for Na content of beet roots not reached significant level, and productivity traits of sugar beet, i.e., roots yield and recoverable sugar yield (ton/fad) in both growing seasons and combined.
The interaction between addition time of yeast with K-fertilization level was significant on vegetative traits of sugar beet, physical properties of beet roots, chemical constituents and productivity traits of sugar beet.Yeast addition at age 80 days was markedly increased the total return per fad by 27.64 and 26.85% and net profit by 60.80 and 58.64% as well as sugar yield in ton/1000m 3 by 7.14 and 0.84 % compared with applying yeast at ages 110 and 140 days, respectively.
In general, it can be concluded from the results that applying yeast at age 80 days from sowing with 24 kg K 2 O/fad could be recommended because it achieved the maximum values of SR% (16.27%), QZ (86.99%) and pol % (18.71), while it contained the lowest values of SL% (2.44 %) ɑ-N (1.24 milliequivalent/100 g) and Na (1.31 milliequivalent/100 g) contents. While, the highest values (4.73 and 4.78 ton/fad) for recoverable sugar yield of sugar beet was recorded with adding yeast at ages 80 and 140 days from sowing with 24 kg K 2 O/fad, respectively. Keywords: Sugar beet, K 2 O level, Yeast, Quality index and pol %.
while sugar cane produced the rest (42.38%). Improvement of sucrose yield in sugar beet has been a slow process. Potential root yield has been restricted, because of a negative correlation between sucrose concentration and root yield and the need to maintain an acceptable level of sucrose concentration (Ferweez et al., 2011 and CCSC, 2017) .
Little information is available about the effect of application of yeasts as bio-fertilizers on the productivity and growth enhancement of sugar beet. Searching new yeasts as bio-fertilizers and studying their productivity of bioactive chemical compounds expand our knowledge about their approached mechanisms to enhance the plant growth and soil characteristics. We assume that a good understanding of the role of soil yeasts in the rhizosphere holds a key to future sustainable agricultural practices. In addition to their role in enhancing the growth of the plants, biofertilizers can act as biocontrol agents in the rhizosphere at the same time (Boraste et al., 2009) . Saccharomyces cerevisiae is considered as a new promising plant growth promoting yeast for different crops. Recently, it became a positive alternative to chemical fertilizers safely used for human, animal and environment (Omran, 2000) . Earlier reports explained the effect of yeast application on vegetative growth due to its richness in tryptophan which consider precursor of IAA (Indole acetic acid) and on flower ignition due to its effect on carbohydrate accumulation (Warring &| Philips, 1973) . Agamy et al. (2013) showed that application of the yeasts significantly (P < 0.05) increased the photosynthetic pigments, soluble sugars, sucrose, and total soluble proteins of sugar beet. It increased the sucrose content by about 43% of the control. They added that this method avoids the use of synthetic chemical fertilizers and genetically modified organisms to influence the growth of crops. Ibrahim et al. (2002) revealed that yeast significantly increased the yield of roots, leaves, sugar and sucrose content of sugar beet.
Low quality of sugar beet roots is a major problem which faces expanding of sugar beet agriculture in middle Egypt, particularly at ElMinia Governorate. Potassium is known for its role in sucrose transportation and accumulation in storage tissues of plants. Potassium (K) plays a particularly critical role in plant growth and metabolism, and it contributes greatly to the survival of plants that are under various biotic and abiotic stresses. Pol % of beet roots was a significantly increase with increasing the potassium application rate to 24 kg K 2 O/fad (Ferweez |& Abo El.Wafa, 2004) . In addition, they reported that K, Na, and α -N contents of fresh roots were increased with increasing K level until 48 kg K 2 O/fad. Fertilizers play an important role in increasing sugar beet production. Potassium plays an important role in enzyme activation, charge balance and osmoregulation in plants (Cakmak, 2005) . It is assumed that P and K fertilizing increases both, yield and sugar beet quality. As a consequence, potash consumption has increased dramatically in most regions of the world (Pettigrew, 2008) . K plays essential roles in enzyme activation, protein synthesis, photosynthesis, osmoregulation, stomatal movement, energy transfer, phloem transport, cation-anion balance and stress resistance (Marschner, 2012) . He indicated that root and top yields of sugar beet increased significantly with increasing K-fertilizer rate to 48 kg K 2 O/fad and its components, while, fertilizing with 36 kg K 2 O/ fad came in the second rank (Wang et al., 2013 and Abido et al., 2015) . In addition, they revealed that the highest sugar yield and sucrose% were obtained when potassium fertilizer was added by 36 kg K 2 O/fad in both seasons. Abdelaal et al. (2015) reported that application of potassium at rate of 48 kg K 2 O/fad significantly increased root diameter and root fresh weight, root and sugar yields/fad as well as sucrose%. However, Shalaby et al. (2002) indicated that the root, top and sugar yields were not affected by potassium fertilization.
Nowadays, a great attention has been focused on the possibility of using natural and safe agents such as yeast for promoting growth of sugar beet a key to future sustainable agricultural practices (Oliver et al., 2013) . Chemical composition of bread yeast on dry weight basis according to Nagodawithana (1991) was, protein 47%, nucleic acids 8%, carbohydrates 33%, lipids 4% and minerals 8% such as Na, Fe, Mg, K, P, S, Zn, Mn, Cu,Si, Cr, Ni, Va and Li in addition to thiamin, riboflavin, pyridoxine, hormones and other growth regulating substances, biotin, B12 and folic acid. In Egypt, the use of yeast as a bio-fertilizer in agriculture has taken a considerable attention, where some sugar beet growers in different regions of El-Minia Governorate use yeast application to increase sugar beet roots yield at late stage of beet age during March or April months but reduction of roots quality delivered to sugar factory was observed. So, the objective of this work was to study the effect of addition time of yeast and potassium fertilizer level on productivity traits, physiochemical parameters and profitabilityof sugar beet.
Materials and Methods
The presented work was conducted at Mallawi Agric. Res., Station, Minia Governorate, Egypt, during 2012 /2014 seasons to study the effect of addition time of yeast (Soil application) and level of potassium fertilizeron yield, physiochemical properties and profitability of sugar beet.
Materials
Sugar beet Sugar beet cultivar namely Montebianco was used. , each consisting of five, 60 cm wide rows, each of 7 meters long. Sugar beet was sown in hills 16 cm apart on rows. Nitrogen fertilizer in the form of urea (46%) was added as a side dressing at the recommended rate of 70 kg N/fad in two equal doses (the first one was after thinning, while the second one was added after 30 days later). Phosphorus fertilizer was added at recommended rate of 30 kg /fad at planting. Beet plants were thinned to one plant/hill at the age of 35 days from sowing. Some chemical and physical properties of the experimental soil before soil preparation were determined according to the procedures outlined by Jackson (1967) in Table 1 . 
Mineral potassium

Data recorded
Vegetative characters At harvest (at age of 195 days from sowing date), samples of ten roots were taken at random from the three middle rows of each plot to record: 1-Root length (cm), 2-Root diameter (cm).
* Each value represents the mean of 5 samples.
Quality parameters
A samples of twenty roots were taken at random, send to the laboratory, cleaned with running tap water, dried, each sample was grated separately with grater into cassettes and mixed thoroughly to determine the quality characteristics.
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A-Physical properties: Sugar recovery %, sugar loss percent and Quality index were calculated using the following equations according to Cooke & Scott (1993) 
B-Chemical composition:
1. Polarization in sugar beet (Pol %) was estimated in fresh samples of sugar beet roots, using saccharometer according to the method described in AOAC (2005). 2. Alpha amino nitrogen, sodium and potassium contentswere estimated according to the procedure of sugar company by Auto Analyzer. The results were calculated as milliequivalent per 100 g beet.
Productivity traits 1.Roots yield (ton /fad): At harvest (195 days after sowing) plants of sugar beet were taken from the three middle rows of each plot harvested to determine roots yield as ton/fad on fresh weight basis.
2.Recoverable sugar yield (ton/fad) was calculated from the following equation:
Recoverable sugar yield (ton/fad) = Roots yield (ton /fad) x Sugar recovery %.
Statistical analysis
Data collected of each season were statistically analyzed according to line by Gomez & Gomez (1984) . Homogeneity of variance was examined before combined analysis. Differences among treatments were evaluated by the least significant difference test (LSD) at 5 % significance level.
Results and Discussion
Vegetative traits
Yeasts are a poorly investigated group of microorganisms that represent an abundant and dependable source of bioactive and chemically novel compounds. The obtained results in this work (Table 2) reveal that the studied vegetative traits of sugar beet, i.e., root length and diameter (cm), responded significantly to addition time of yeast during the two growing seasons and combined, except the 1 st season for root length (cm), which didnot respond significantly. Combined analysis shows that adding yeast at age 140 days caused an increase in root length (cm) by 2.61 and 2.44% as well as root diameter by 6.00% and 2.25% compared with addition time of yeast at ages 80 and 110 days from sowing, respectively. This finding might be due to overall enhancement of the plant nutrition, production of the phytohormones, cell division and elongation (Hashem et al., 2008) . These data revealed that addition time of yeast had the higher effect on root diameter than root length. This might be due to an increase in the thickness of growth rings of sugar beet roots by increasing the diameter average of the cells (Cloete et al., 2009 ). The positive effect of yeasts on Chl. a and b is in consistence with the result obtained by Stino et al. (2009) , who stated that the increase in Chl. a and b a consequent increase in total carbohydrates, because the yeast application could be have a role in cell division enhancement and cell elongation producing These findings are in the same trend with those obtained by Ferweez et al. (2011) and Agamy et al. (2013) . In this respect, Shehata et al. (2012) mentioned that yeast is a source of phytohormones, minerals and stimulatory effect on division and enlargement of cells as well as protein and nucleic acids synthesis.
The results tabulated in Table 2 indicate that K-fertilizer level exhibited a significant effect on vegetative traits of sugar beet, i.e., root length and diameter (cm) in the two growing seasons and combined. It was observed from combined analysis that applying K 2 O at 24 and 48 kg/fad led to a significant increase in root length by 6.21 and 9.01% as well as root diameter 2.66 and 3.99% compared to the control (without applying K 2 O), respectively. K is an essential element for plant growth with respect to its physiological and biochemical functions. It is necessary for activating starch synthetase enzyme (Fathy et al., 2009) . The increase in root length and diameter of sugar beet as result of applying K 2 O at 48 kg/fad was appreciable higher than 24 kg/fad. This increase might be mainly due to increasing photosynthesis products which migrate to storage sites in sugar beet roots. These findings are in the same trend with those recorded by Wang et al. (2013) who reported that K plays an essential role in enzyme activation, protein synthesis, photosynthesis, osmoregulation, stomatal movement, energy transfer, phloem transport, cation-anion balance, and stress resistance. The interaction between addition time of yeast with K-fertilization level was significant on root diameter (cm) in the two growing seasons and combined (Table 2 ). The highest values (11.91 cm) of root diameter was recorded with adding time of yeast at age 140 days and applying 48 kg K 2 O/fad, respectively. On the other hand, root length was not significantly affected by interaction between the studied factors.
Physical properties of beet roots quality
Addition time of yeast exhibited a significant effect on physical properties of beet roots, i.e., sugar recovery % (SR%), quality index % (QZ%) and sugar loss (SL%) of sugar beet in both seasons and combined as shown in Table 3 . It was revealed from combined analysis that adding yeast at age 80 days from sowing recorded an increase in SR% by 11.70 and 15.81%, QZ% increased by 2.73 and 4.11% while, SL% decreased by 6.55 and 12.03% over adding yeast at ages 110 and 140 days, respectively. This result might be due to that application of active bread yeast was very effective in releasing CO 2 , which reflected on improving net photosynthesis (Al-Falih, 2006), and adding yeast at age 80 days available the longest period than adding yeast at ages 110 and 140 days,for the sugar transport from the leaves to roots, consequently the highest increase in sucrose % or pol%, of beet roots, consequently the increase in both SR% and QZ%. However, SL% of beet roots with adding yeast at age 140 days was the highest than 80 and 110 days, respectively. This might be due to that the lowest increase in sucrose% or pol% of sugar beet juice was the lowest with adding yeast at age 140 days than 80 and 110 days (Table 4) , respectively. The period shortage for the sugar transport from the leaves to the roots with adding yeast at age 140 days. These findings are in the same trend with those obtained by Ferweez et al. (2011) and Agamy et al. (2013) . (Table 3) reveal that potassium fertilization level had a significant effect on SR%, QZ% and SL% of sugar beet in both seasons and combined. It was demonstrated from combined analysis that adding K 2 O by 24 and 48 kg/fad led to an increasing in SR% of sugar beet by 16.33 and 5.96%, QZ% of sugar beet increased by 2.76 and decreased by 0.47%, while, SL% of sugar beet decreased by 1.88% and increased by 9.15% compared with control (zero K 2 O/fad), respectively. This result might be due to the increasing in soluble solutes, especially sucrose, in the juice of beet roots with adding K 2 O, especially by 24 kg/fad, (Shalaby et al., 2002) . These findings are in general line with those obtained by Ferweez & Abo El.Wafa (2004) . Table 3 that the interaction between addition time of yeast and K fertilizer level with respect to SR%, QZ% and SL% of sugar beet reached the significant level in both seasons and combined. It was showed from combined analysis that adding yeast at age 80 days from sowing with 24 K 2 O kg/fad gave the highest values (16.27 and 86.99%) for SR% and QZ% of sugar beet and the lowest value (2.44%) for SL% of sugar beet. This is to be expected because there was a reverse relationship between sugar beet SR% or QZ% and SL%.
Results obtained in this work
It is observed from the results in
Chemical constituents of beet roots
With regard to effect of addition time of yeast on the chemical constituents of beet roots, i.e., pol% and impurities, such as alpha amino nitrogen (α-N), potassium (K) and sodium (Na) contents of sugar beet. Data given in Table 4 and Fig.1 clarify that addition time of yeast had a significant effect on pol%, α-N, K and Na contents of sugar beet in both seasons and combined. It was observed from combined analysis that adding yeast at age 80 days led to increasing in pol% of sugar beet by 8.70 and 11.10% than adding yeast at 110 and 140 days from sowing, respectively. While, adding yeast at age110 and 140 days from sowing led toincrease in α-N content of sugar beet increased by 16.64 and 33.66 %; K content of beet roots by 7.23 and 11.59% as well as Na content of beet roots by 5.30 and 14.45 % compared with adding yeast at age 80 days, respectively.This increment inα-N, K and Na contents of beet roots might be due to the availability of soil yeast to convert the unavailable forms of nutrient elements such K and P elements to available forms by generating of carbon dioxide from bio-fertilizers (Kurtzman & Fell, 2005) . They pointed out that role of K promotes carbohydrates translocation to roots, and cause the increase in pol% of beet roots, where K used as co-enzyme with phosphorase to form sucrose. Some soil yeasts are found to assimilate intermediates of lignin degradation, that is, ferulic acid, gallic acid, 4-hydroxybenzoic acid, protocatechuic acid and vanillic acid (Botha, 2011) . We could state that production of such chemical compounds by the yeasts could serve as precursors or intermediates of beneficial compounds for the plants like growth hormones, fungicides, soil particles aggregators, or plants could assimilate them into valuable compounds. Hence, these compounds could directly or indirectly enhance the growth and the productivity of the sugar beet plants.Such data confirmed the previous reports of Ferweez et al. (2011) and Agamy et al. (2013) who showed that yeasts caused the increase in the sucrose content of beet roots. The present results in Table 4 and Fig.1 indicate that applying K 2 O exhibited a remarkable and significant effect on pol%, α-N, K and Na contents of sugar beet in both seasons and combined, except the 2 nd season for Na content of beet roots not reached significant level. It was observed from combined analysis that there was an increase in pol% of sugar beet by 13.33 and 6.50 % and K content of beet roots by 1.64 and 16.84% compared with applying K 2 O at 24 and 48 kg/fad over the control (zero K 2 O/fad), respectively. This increase might be due to the role of K which encourage carbohydrates translocation to store in roots, then transformed to sucrose must be considered the increase in pol% of beet roots, where potassium used as Co-Enzyme with phosphorase to form sucrose (El. Harriri & Gobarh, 2001 and Shalaby et al., 2002 ) . While, α-N content of sugar beet was decreased by 33.81 and 15.40% and Na content of sugar beet by 5.62 and 1.83% compared with applying K 2 O at 24 and 48 kg/fad over the control (zero K 2 O/fad), respectively. This decrease might be due to the increase in pol% of sugar beet. Such results are in the same line with those of Neseim et al. (2014) .
Significant interactionswere recorded between addition time of yeast and potassium fertilization level on chemical constituents, i.e., pol%, α-N, K and Na contents of sugar of beet roots during the two growing seasons and combined as shown in Table 4 and Fig.1 . The maximum value (18.71%) of pol% of sugar beet was obtained with adding yeast at age 80 days from sowing and 24 kg K 2 O /fad, which achieved the best use of yeast and potassium fertilization. This result is in agreement with those recorded by Neseim et al. (2014) who found that K in combination with yeast foliar spray increased pol% of sugar beet and reduced in sodium and α-amino N contents of sugar beet crop.
The productivity traits
The data obtained in this work (Table 5 ) reveal that the studied productivity traits, root yield and recoverable sugar yield (ton/fad) of sugar beet responded significantly to addition time of yeast during the two growing seasons and combined. It could be noted from combined analysis that adding yeast at age 140 days caused an increase in root weight by 15.62 and 10.01% compared with addition time of yeast at ages 80 and 110 days from sowing, respectively. While, recovserable sugar yield of sugar beet with adding yeast at age 80 days increased by 6.46 and 0.17% compared with addition time of yeast at ages 110 and 140 days from sowing, respectively. These results might be attributed to soil fertilized by yeast shown improvement in specific gravity (lower bulk density), which led to an increase in root length and diameter of sugar beet, consequently adding late yeast at 140 days led to an encourage the vegetative growth and increase in root yield (ton/fad) of sugar beet compared with the other (Mirabal Alonso et al., 2008) . Here also, macro and micronutrients content, growth regulators and vitamins of yeast added at late age (140 days) can play a very significant role in making available nutrient elements for plants and stimulate the plant to build up dry matter (Hesham & Mohamed, 2011) . They clarified that bread yeast (Saccharomyces cervisiae) as a natural bio-stimulant appeared to induce an astonished influence on growth and yield of many crops, since it has various basic functions, i.e., CO 2 production as well as formation of alcohol, acids and esters. Such results are in the same line with those found by Ferweez et al. (2011) who revealed that adding yeast had a significant effect on root and recoverable sugar yield (ton/fad) of sugar beet. Data in Table 5 clarified that applying K 2 O exhibited a remarkable and significant effect on root yield and recoverable sugar yield (ton/fad) of sugar beet in both seasons and combined. It was observed from combined analysis that there was an increase in root yield of sugar beet by 7.31 and 1.36% and recoverable sugar yield of beet roots by 25.12 and 7.63% with applying K 2 O at 24 and 48 kg/fad over the control (zero K 2 O/ fad), respectively. The increase in root yield of sugar beet might be expected due to the increase in both root length and diameter of sugar beet (Table 2) . While, the increase in recoverable sugar yield might be due to the increase in both root yield and pol% of sugar beet. The maximum value (4.73 and 4.78 tons/ fad) in recoverable sugar yield of sugar beet was achieved by applying K 2 O at 24 kg/fad than 48 kg/fad. This result might be explained as the high levels of K-fertilizer led to an increase of the impurities in juice of beet roots such as K milliequivalent/100 gm beet, and consequently reduced sugar recovery % of sugar beet. Our findings are in good accordance with those published by Shahidi & Khalafi (2010); Mehrandish et al. (2012) and Salami & Saadat (2013) . They showed that the application of K increased root yield, sugar yield, sugar content and other qualitative characteristics of sugar beet.
Significant interactions were recorded between addition time of yeast and potassium fertilization level on root yield and recoverable sugar yield of beet roots during the two growing seasons and combined as shown in Table 5 . Therefore, the highest value (33.58 ton/fad) for root yield of sugar beet was obtained with adding yeast at age 140 days from sowing and 24 kg K 2 O/fad. While, the highest values (4.73 and 4.78 ton/fad) for recoverable sugar yield of sugar beet was recorded with adding yeast at ages 80 and 140 days from sowing with 24 kg K 2 O/fad, respectively. This means that adding yeast at 80 days from sowing together with 24 kg K 2 O/fad achieved the best use of yeast and potassium fertilization. This result is agreement with those recorded by Neseim et al. (2014) who found that K in combination with yeast foliar spray increased root and white sugar yield of sugar beet.
Profitability of sugar beet with adding yeast at different levels ofK-fertilizer
Concerning addition time of yeast effect, it is noticed from the results in Table 6 that adding yeast at age 80 days markedly increased the total return per fad by 27.64 and 26.85% and net profit by 60.80 and 58.64% as well as sugar yield in ton/1000 m 3 by 7.14 and 0.84% compared with applying yeast at ages 110 and 140 days, respectively. While, root yield in ton/1000 m 3 increased by 5.19 and 15.70% with applying yeast at ages 110 and 140 days compared with adding yeast at age 80 days from sowing date, respectively.
Data given in Table 6 clarified that the total return per fad was markedly increased by 20.85 and 15.91% and net profit by 224.88 and 82.78% with applying K 2 O at 24 and 48 kg/fad compared with control, respectively. In addition, root yield in ton/1000 m 3 increased by 7.30 and 1.34% and sugar yield (in ton)/1000 m 3 by 24.53 and 7.55% with applying K 2 O at 24 and 48 kg/fad over the control, respectively.
Conclusion
A good understanding of the role of soil yeasts in the rhizosphere holds a key to future sustainable agricultural practices. In Egypt, increasing the sugar production from sugar beet by improving the quality of beet roots should reduce the vast gap between sugar production and consumption. In general, it can be concluded from the results that applying yeast at age 80 days from sowing with 24 kg K 2 O/fad could be recommended because it achieved the highest values of SR% (16.27%), QZ (86.99%) and pol% (18.71), while it contained the lowest values of SL% (2.44%); ɑ-N (1.24 milliequivalent/100g) and Na (1.31 milliequivalent/100g) contents. Also applying yeast at age 80 or 140 days from sowing with 24 kg K 2 O/fad had the highest value of recoverable sugar yield (4.73 and 4.78 ton/fad), respectively. According to Garg & Azad (1975) ,** Sources of CCSC (2017), * L.E.=Egyptian pound Table 6 . Some economics of sugar beet productivity per faddan with yeast application and three K fertilizer levels.
